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NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS 
RESEARCH MEMORANDUM 

WIND-TUNNEL INVESTIGATION OF THE EFFECTS OF A JET-ENGINE NACELLE 
ON THE AERODYNAMIC CHARACTERISTICS OF A 37-25° 
SWEPT-BACK WING AT HIGH SUBSONIC SPEEDS 
By Frederick: W. Boltz and Donald A. Buell 

SUMMARY 


A wind-tunnel investigation has been made to determine the aero- 
dynamic characteristics of a wing-nacelle combination at high subsonic 
speeds. The model consisted of a Jet— engine nacelle in combination with 
a wing having the leading edge swept back 37 - 25 ° and having an aspect 
ratio of 6. 04 . The nacelle was mounted on the lower surface of the 
wing with the air inlet slightly behind the wing leading edge and normal 
to the nacelle axis. 

Lift, drag, pitching-moment, and ramr-recovery data are presented for 
the wing-nacelle combination for Mach numbers from 0.18 to 0.92 at a 
constant Reynolds number of 2,000,000. Surface pressure data are pre- 
sented for Mach numbers near that of drag divergence. 

The addition of the nacelle to the wing was found to have little 
effect on the lift and pitching-moment characteristics of the wing. At 
lift coefficients between —0.1 and O.A, the drag— divergence Mach number 
of the wing— nacelle combination was about 0.01 or less lower in value 
than that of the wing alone. The reduction of flow through the nacelle 
to zero slightly increased the drag at Mach numbers below that of drag 
divergence, but had little effect on the Mach number of drag divergence. 

At moderate positive angles of attack, the ram— recovery ratio at 
a station 4 percent of the nacelle length behind the nacelle inlet 
increased from approximately 0.97 at a Mach number of 0.l8 to approx- 
imately 0.99 at a Mach number of 0.92. The inlet— velocity ratios cor- 
responding to these rant-recovery ratios were O .9 and 0 . 6 , respectively. 
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INTRODUCTION 


The effects of a nacelle on the aerodynamic characteristics of a 
swept-back wing have "been the subject of a series of tests at the Ames 
Laboratory. Investigations were made of various wing-nacelle^combi na- 
tions in which the wing had a leading— edge sweepback of 37*25 snd an 
aspect ratio of 6.04. 

In the initial phase of the program, low-speed tests as reported 
in reference 1 were directed at finding the most favorable position 
on the wing for mounting a nacelle represented by a solid ellipsoidal 
body. The position selected on the basis of low interference velocities 
in the Junctures was that with the nose of the nacelle near the leading 
edge of the wing. Further low-speed tests, reported in reference 2, 
were conducted on nacelles mounted in this position to determine a sat- 
isfactory inlet shape for a Jet— engine nacelle with internal flow. The 
best ramr-recovery characteristics were obtained with the air inlet 
normal to the air stream and with the nacelle mounted on the lower 
surface of the wing at an inboard station. 

The second phase of the program consisted of tests up to high 
subsonic Mach numbers. Results of tests of the wing alone were pre- 
sented in reference 3. A body of revolution, similar to the ellip- 
soidal body used in the low— speed tests but having a more streamlined 
afterbody shape, was tested both alone and mounted at an inboard 
station on the lower surface of the wing. The results of these tests 
were reported in reference 4. 

In the investigation of the present report, the wing— nacelle com- 
bination determined to be most promising from the data of reference 2 
was tested in the Ames 12— foot pressure wind tunnel up to high subsonic 
speeds. The nacelle was mounted on the lower surface of the wing at 
the 31 — percent— semispan station with the air inlet slightly behind the 
wing leading edge and normal to the nacelle axis. Internal— flow char- 
acteristics are presented along with the force, moment, and surface 
pressure data. 
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-m 


pitching-moment coefficient about the quarter point of the me an 


aerodynamic chord /pitching mom 9 nt \ 

9oSo ) 


H arithmetic average of the total pressure at a given station in 

nacelle duct, pounds per square foot 


0 free— stream total pressure, pounds per square foot 


H 

H ~ P, 
H o~ P, 
l/d 


Md 


M 0 

P 

R 

S 

Vi 

V o 

Vi/V c 

b/2 


P 

P„ 


ram— recovery ratio 
o 

lift— to-drag ratio 
drag— divergence Mach number 


which 


(aSX 


= 0.10 


the free-stream Mach number at 


e-e) 


free-stream Mach number 

local pressure coefficient 

/p V c\ 

Reynolds number f — ° ° \ 

semispan wing area, square feet 

average velocity at the station of minimum nacelle— inlet area, 
feet per second 

free— stream velocity, feet per second 
inlet-velocity ratio 

wing semispan, measured normal to the plane of symmetry, feet 

local wing chord, measured parallel to the plane of symmetry, feet 

rb/s 2. > 

, 0 c dy 


mean aerodynamic chord 




\ f b/ ^ c dy 
J o 


feet 


local static pressure, pounds per square foot 

free-stream static pressure, pounds per square foot 

free-stream dynamic pressure P 0 V Q ^) , pounds per square foot 

perpendicular distance from the plane of symmetry to a point on 
the wing, feet 


4 


MCA RM A50H23 


a angle of attack, degrees 

uncorrected angle of attack, degrees 
U coefficient of viscosity, slugs per foot-second 

p Q free— stream mass density, slugs per cubic foot 

MODEL AND APPARATUS 


The model wing had a leading— edge sweepback of 37»25°j an as P ec 't 
ratio of 6.04, a taper ratio of 0.5, no geometric twist, and the MCA 
64 1-212 section normal to the quarter-chord line. A sketch of the plan 
form of the wing-nacelle combination is shown in figure 1. The model 
nacelle was a l/6-ecale representation of a nacelle designed to house a 
jet engine having a diameter of 39 inches. The nacelle nose and forebody 
had a shape approximately that of the MCA 1-series nose inlet. Complete 
design details are given in reference 2, and a control line drawing 
adapted therefrom is presented in figure 2 of this report. 

The nacelle was mounted on the lower surface of the wing at the 
31 — percent— semi span station with the plane of the nacelle inlet normal 
to the nacelle axis and 10 percent of the chord behind the wing leading 
edge. For the condition of zero inlet velocity a faired tail plug, as 
shown dotted in figure 1, was used to stop the flow of air through the 
nacelle duct. 

Chordwise rows of pressure orifices were located on the upper and 
lower surfaces of the wing at the four spanwise stations indicated in 
figure 1 and also along the 40— percent-chord line at approximately 
4— inch intervals. In addition, pressure orifices were located in the 
wing— nacelle Junctures, along the upper and lower nacelle meridians, 
and over the lip of the inlet. 

The model was mounted in the wind tunnel as shown in figure 3 with 
the floor of the tunnel serving as a reflection plane. The balance 
system was connected directly to the turntable upon which the model was 
mounted. Pressures were measured by means of multiple— tube manometers, 
the readings of which were recorded photographically. 


TESTS 


Measurements of total and static pressures in the nacelle inlet and 
in the tail pipe, and of the total lift, drag, and pitching moment were 
made at a constant Reynolds number of 2,000,000 for Mach numbers from 
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0.18 to O.92. The angle of attack: was varied from -8° to 16° at a Mach 
number of 0.l8 and from —4° to the highest angle obtainable at higher 
Mach numbers, the range being limited by model strength and tunnel power. 
Surface pressures were measured at selected Mach numbers near that for 
drag divergence. The model was tested with the air flowing through the 
nacelle and also with the air duct closed with the faired tail plug. 

In order that the ram— recovery ratio of the inlet could be computed, 
the total pressures in the duct were measured with the rake installed 
4 percent of the nacelle length behind the inlet. A rake of total— and 
static— pressure tubes installed in the tail pipe was used to measure the 
pressures required for the computation of the inlet— velocity ratio by 
the method of reference 5. The values of inlet— velocity ratio are based 
on the area of 8.12 square inches at the station of ml nl mum nacelle— inlet 
area. 


COBBECTIOWS TO DATA 


Tunnel-wall constriction effects on the Mach number and the dynamic 
pressure were evaluated by the method of reference 6. Although this 
method is intended to apply only to full-span models located centrally 
in the tunnel, it was used as a reasonable estimate of the constriction 
effects. The following table indicates the magnitude of the corrections 
applied to the Mach number and the dynamic pressure: 


Corrected 
Mach number 


0.400 
.700 
.800 
.850 
.900 
• 920 


Uncorrected 
Mach number 


0.399 

.697 

•794 

.841 

.885 

.901 


Corrected q Q 

Uncorrected q 
u o 


1.004 

1.006 

1.009 

1.012 

1.018 

1.021 


Corrections for tunnel-wall interference were evaluated by the 
method of reference 7» modified slightly to account for the sweep of 
the wing. The interference was taken into account by increasing the 
measured angle of attack an amount 0.489 Cp, and by increasing the 
measured drag coefficient an amount 0.0075 Cp 2 . Wo correction was 
applied to the pitching-moment data. 

A tare correction to the drag data, made necessary because of the 
flow over the exposed surface of the turntable, was measured with the 
model removed from the tunnel. The correction, in coefficient form, had 
a constant value of O.OO36, which was subtracted from the measured drag 
coefficient. 
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The internal drag due to flow through the nacelle was computed by 
the method discussed in reference 8 , utilizing the total and static 
pressures measured with the rake in the tail pipe. The internal drag 
coefficient was subtracted ^from the measured drag coefficient corrected 
for tare drag and tunnel-wall interference to give the external drag 
coefficient. For moderate angles of attack, the internal drag coef- 
ficient varied from 0.0016 at a Mach number of 0.l8 to 0.0006 at a Mach 
number of 0.92 and was affected only slightly by changes in the angle 
of attack. 


RESULTS AND DISCUSSION 


General 


As noted previously, the model was tested with and without flow 
through the nacelle. For the condition with flow, the inlet^velocity 
ratio varied with Mach number and angle of attack as shown in figure 4. 
This flow condition is designated as Vi/V Q = 0.9 to 0.6 in figures 5 
to 15. 


Force and Moment Characteristics 


The lift, drag, and pitching-moment characteristics of the wing- 
nacelle combination with flow through the nacelle are presented in 
figure 5. Also shown in this figure are the data for the wing alone 
from reference 3 . Figure 5(c) includes, in addition, the drag data for 
the wing-nacelle combination with no flow through the nacelle. The 
variation with Mach number of the aerodynamic characteristics of the 
wing-nacelle combination are presented in figures 6 , 7, 8 , and 9 . The 
variation with lift coefficient of the drag-divergence Mach number of 
the wing— nacelle combination is shown in figure 10. In figures 11 and 12 
are shown the variations with Mach number of the maximum lift-to-drag 
ratio, the lift coefficient for maximum lift-to-drag ratio, and the 
minimum drag coefficient. 

From an examination of figures 5 an d "J , it is evident that there 
was little change in the lift characteristics of the wing due to the 
addition of the nacelle. The pitching-moment data reveal that the 
addition of the nacelle resulted in a slight rearward shift of the 
aerodynamic center at zero lift, and in more positive values of the 
pitching moment for zero lift at all Mach numbers. 

The variation with Mach number of the drag coefficient of the 
wing— nacelle combination for several lift coefficients is presented in 
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figure 8. In figure 8(b) it may be seen that, with no flow through the 
nacelle, the drag coefficient was generally greater than that with flow, 
the greatest increase occurring at negative values of the lift coef- 
ficient. 

The variation with Mach number of the incremental drag coefficient 
is presented in figure 9* The incremental drag coefficient is defined 
as the increase in the external drag coefficient due to the addition of 
the nacelle. It may be observed that, prior to drag divergence, the 
incremental drag coefficient increased a greater amount at lift coef- 
ficients of -0.2 and 0 than at lift coefficients of 0.2 and 0.4. In 
figure 10, it may be noted that the drag— divergence Mach numbers of 
the wing-nacelle combination in the range of lift coefficients from 
—0.1 to 0.4 were only about 0.01 or less lower in value than those of 
the wing alone. Moreover, the reduction of internal flow through the 
nacelle to zero apparently had a beneficial effect on the drag-divergence 
Mach numbers for lift coefficients from -0.1 to 0.4. 

A method was indicated in reference 2 in which the effect of the 
nacelle on the drag-divergence Mach number of the wing could be esti- 
mated from low-speed data. The method was based upon the comparison of 
predicted critical Mach numbers of the wing and wing-nacelle combi- 
nation at the crest points of various spanwise stations. The crest 
point is defined as the point at which the surface is tangent to the 
direction of the free stream. It was concluded in reference 2 that for 
the wing-nacelle combination of the present report no reduction of the 
drag— divergence Mach number would result from the addition of the 
nacelle, and that varying the inlet-velocity ratio would have little 
effect on the drag— divergence Mach number. These conclusions Eire sub- 
stantially in agreement with the results of the present test. 

In figure 11, the variations with Mach number of the maximum lift— 
to— drag ratio and the lift coefficient for maximum lift— to-drag ratio 
are compared with similar data for the wing alone. The reduction of the 
maximum lift— to— drag ratio due to the addition of the nacelle amounted 
to approximately 33 percent at a Mach number of 0.l8, but was smaller 
at the higher Mach numbers. Below the Mach number of drag divergence, 
the minimum drag of the wing was increased between 50 and 90 percent 
due to the addition of the nacelle. 


External Pressure Distribution 


The pressure changes at high subsonic speeds caused by the addi- 
tion of the nacelle to the wing are illustrated by the diagrams 
showing lines of constant pressure coefficient, or isobars, presented 
in figure 13. Data for the wing alone and for the wing— nacelle combi- 
nation with and without air flow through the nacelle are shown for angles 
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of attack of 0° and 4° at Mach numbers just below those for drag 
divergence. In order to provide a reference line from which to gauge 
the differences in the pressure distribution for the three configurations, 
the crest line, defined as the locus of crest points on the wing, is 
indicated on the isobar diagrams. The crest line has the added signifi- 
cance of being the dividing line between the positive and negative con- 
tributions of surface pressures to the pressure drag of the wing. 

Figure 13( a ) shows that for an angle of attack of 0° the addition 
of the nacelle to the wing considerably distorted the isobars in the region 
of the nacelle. A comparison of the pressure coefficients on the upper 
surface indicates that the effect of the nacelle was to make the pressure 
coefficients less negative over the wing at the station of the nacelle 
center line while making them more negative over the outer semispan. On 
the lower surface, the pressure coefficients became more negative with the 
addition of the nacelle, particularly in the region of the nacelle junc- 
tures and of the lip of the nacelle inlet on the lower nacelle meridian. 
Reduction of the inlet-velocity ratio from 0.64 to 0 created a small area 
of large negative pressure coefficients over the forward portion of the 
lower inboard nacelle Juncture, but otherwise had little effect on the 
pressures over either the upper or lower surface. 

Figure 13(b) shows that at an angle of attack of 4° the pressure 
changes due to the addition of the nacelle were similar to those at an 
angle of attack of 0° with the exception that the pressure coefficients on 
the upper surface ahead of the nacelle became more negative. The pressure 
coefficients in the lower junctures were considerably less negative at 
this angle of attack than at an angle of attack of 0°. The reduction of 
inlet— velocity ratio from 0.68 to 0 caused the pressure coefficients to 
become more negative near the nacelle inlet on both the upper and the lower 
surfaces. 


Inlet and Internal Flow Characteristics 


The distribution of the static pressure coefficient at several posi- 
tions inside the nacelle inlet is presented in figure l4. At a Mach number 
of 0.l8, the most negative pressure coefficients were found to exist at the 
position nearest the wing root with separation apparently taking place at 
an angle of attack of 12°. The separated region appears to have extended 
over a large portion of the lip at an angle of attack of l6° . At higher 
Mach numbers it can be seen that the lowest pressures continued to exist 
at this inlet position nearest the wing root, although separation did not 
occur within the angle— of— attack range of the investigation. 

In figure 15, the variation of the ram-recovery ratio with Mach number 
at a station 4 percent of the nacelle length behind the inlet is presented 
for angles of attack of 0°, 4°, and 8°. The ramr-recovery ratio increased 
from 0.97 at a Mach number of 0.l8 to 0.99 at a Mach number of 0.92. 
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CONCLUSIONS 


Wind-tunnel tests at Mach numbers up to 0.92 have been conducted on 
a wing-nacelle combination at a constant Eeynolds number of 2,000,000. 
The model consisted of a jet— engine nacelle mounted on the lower surface 
of a wing having the leading edge swept back 37.25°. The results of a 
comparison with similar data for the wing alone may be summarized as 
follows : 


1. Addition of the nacelle to the wing had little effect on the • 
lift and pitching-moment characteristics of the wing. The aerodynamic 
center at zero lift was moved slightly rearward and the pitching moment 
was increased positively at all Mach numbers . 

2. Addition of the nacelle with internal flow reduced the drag- 
divergence Mach number approximately 0.01 or less for lift coefficients 
between -O.l and 0.4. The reduction of inlet— velocity ratio to zero 
increased the drag at Mach numbers below that for drag divergence, but 
had little effect on the drag-divergence Mach number. 

3. In the angle— of -attack range from 0° to 4°, the ram— recovery 
ratio at a station 4 percent of the nacelle length behind the nacelle 
inlet was found to increase from approximately O .97 to 0.99 as the Mach 
number was increased from 0.18 to 0.92. The corresponding change in 
inlet— velocity ratio was from 0.9 to 0 . 6 . 


Ames Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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Semispan area (wing alone) * 8.283 square feet 
Aspect ratio (wing atone) - 6.04 
Taper ratio - 0.50 

c (wing atone) = t. 728 feet (parallel to root chord) 



Figure /.- A plan view of the upper surface of the wing-nacelle combination. 
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Note: 



1 Upper forward body above wing is formed 
by radii with centers at nacelle center 
line on nacelle reference plane . 

2 Inboard external lines forward of 
station 6.5 which lie between nacelle 
reference plane and wing lower surface 
are normal to nacelle reference plane 
and tangent to the half- breadth. 

3. Outboard external fines forward of sta- 
tion 10.5 which He between nacelle 
reference plane and wing lower surface 
are normal to nacelle reference plane 
and tangent to the half-breadth. 

4 Afterbody (station 16 to 36) is 
circular. 


5. Lower forebody (station 2.25 to 16) is 
symmetrical about vertical center plane. 

6. Location of jet- unit entry is approximately 
station 7.5. 

7 Control lines are straight between 
tangent points. 

8. All dimensions are given in inches 
model scale. 

9 Nacelle frontal area is 40.7/5 sguare 
inches. 

Legend: 

a Tangent point 

O Intersection of tangent lines 

□ Shoulder point 


9 -tube total - 




Figure 2 - The control lines of the nacelle (adapted from reference 2). 
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(a) Lower three-quarter front view. 


(h ) Upper three-quarter rear view. 


Figure 3 *— Model of the wing and nacelle mounted in the Amea 12— foot pressure wind tunnel. 
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Figure 4 The variation of the inlet-velocity ratio with Mach number. 
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-12 -8 -4 0 4 8 12 16 20 (for M 0 = 0.18) 

Angle of attack, a, deg 


(a) C L vs a. 

Figure 5.- The aerodynamic characteristics of the wing-nacelle combination for various Mach numbers. 
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Pitching-moment coefficient C m 


(b) C L vs C m . 




Figure 5.- Continued. 
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Figure 5- Concluded. 
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Pitching-moment coefficient, C, 
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Figure 6 -The variation of the lift and pitching- moment coefficients with 
Mach number > V '/V 0 , 0.9 to 0.6. 
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Figure 7. - The variation of the lift-curve slope and the location of the 
aerodynamic center with Mach number. 
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(a) Wing alone and wing-nacelle combination with internal air flow. 
Figure 8. - The variation of the drag coefficient with Mach number. 
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(b) Wing- nacelle combination with internal air flow and without 
internal air flow. 


Figure 8. - Concluded. 
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.60 .64 .68 .72 .76 .80 .84 .88 .92 

Mach number, M a 

Figure 9. - The variation of the incremental drag coefficient with Mach 
number-, ^'/V 0 , 0.9 to 0.6 



Lift coefficient, C L 

Figure tO.-The variation of the drag-divergence Mach number with lift 
coefficient 
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Figure //.- The variation of the maximum lift- to- drag ratio and the lift 
coefficient for the maximum lift-to-drag ratio with Mach number. 



Figure I 2.- The variation of the minimum drag coefficient with Mach 
number. 





(a) a u , 0°. 


Figure 13. The lines of constant pressure coefficient on the wing atone and on the wing -nacelle combination 
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(b) a u , 4°. 


Figure !3- Concluded. 
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M 0 = 0.18 

a u , deg V i/v Q 
o O 0.89 

□ 4 .90 

O 8 .89 

a 12 .86 

v 16 .82 


M 0 = 0. 70 

a u, d eg Vi /V 0 
o O 0.73 

□ 4 .73 

O 8 .74 


M 0 = 0.85 

a u , deg v >/v 0 
o 0 0.64 

a 4 .64 



Figure 14- The distribution of pressure coefficient inside the Up of the 
nacelle inlet at various Mach numbers. 
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Sectional view of the nacelle air duct at a plane 
through the forward end of the tubes 
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2 All dimensions 
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measure ram recovery 
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Figure 15 -The details of the inlet rake, and the variation of the ram- recovery ratio with Mach 
number at a station 4 percent of the nacelle length behind the inlet; ^'/v o , 0.9 to 0.6. 
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